The diagnostic yield of a commercial teleradiology/ picture archiving and communication system (ATTPhilips Comm View T/PACS) was evaluated for 100 urograms. A single image from each examination was digitized (2048 x 1684 x 12-bit pixels) and transmitted from a satellite hospital over a T-1 line using the T/PACS system. The video display of each digitized image was reviewed independently by four radiologists. The same four radiologists reviewed the original film images at a different time without knowledge of their T/PACS interpretation. There was no statistically significant difference in the sensitivity for clinical findings between T/PACS (86%) and film (89%). The false positive rate, however, was significantly higher with T/PACS than with film (44 versus 32 false positive findings per 100 films). We conclude that T/PACS of the type studied here demonstrates sufficient sensitivity for the detection of clinically important urographic findings in the emergenr setting. A final reading of the original films is still necessary, however, to assure appropriate specificity.
rax relative to conventional radiographs. With respect to excretory urography, one study 4 of a computed radiography system (not a PACS system, but nonetheless a digital system having 1760 x 2140 pixel resolution) showed no difference between digital and screen-film urograms in diagnostic sensitivity, specificity or receiveroperating characteristic (ROC) curves. A second study 5 found that only two thirds of renal and ureteral calculi seen on the radiographs were discerned on the video images. Results are often reported for prototype and one-of-a-kind systems.
Many studies are out of date almost as soon as they are published because T/PACS systems are constantly being upgraded. The net result is a bewildered audience of radiologists facing an array of unsubstantiated claims by T/PACS manufacturers. We do not propose to solve this dilemma. An objective comparison of different T/PACS systems is probably best accomplished with phantom studies. 6 The present study documents the performance of a single, widely used commercial T/PACS system for a specific, well controlled task. More specifically, the study was designed to compare diagnostic accuracy for the interpretation of intravenous urograms through teleradiology as compared with the interpretation of the original films.
MATERIALS AND METHODS
A study sample of single 14 x 17-inch nontomographic images from 100 urograms were previously selected as part of a study of a data compression algorithm. 7 Half of the images were obtained from a consecutive clinical series of urograms, including both normal and abnormal studies. The other 50 images were selected from a log of interesting cases to reflect a broader spectrum of pathology. The 100 images consisted of 22 scout views, 75 views obtained between 15 and 30 minutes after contrast administration, and three postvoiding views.
These images had been previously interpreted by a panel of four board-certified radiologists for the earlier study. 7 In that study, each of the four radiologists, working independently, first reviewed all 100 films. The four panel members then developed a "consensus interpretation." Any finding that was independently identified by at least two of the four panel members and subsequently agreed to by a majority of the panel members was considered a true finding. This consensus interpretation identified 201 findings that served as the "gold standard" reading for the current study.
The spectrum of findings in our gold standard is summarized in Table 1 . It is worthwhile to note that the gold standard did not consider clinical history, follow-up examinations, or surgical pathology. Because the goal of this study was to compare teleradiology with interpretation of original films, the interpretation of the original films alone was accepted as the gold standard.
Three of the original four radiologists were available to review the T/PACS images for the current study. They had not seen the original images in more than 2 years. They independently reviewed only the T/PACS images for the present study. A fourth radiologist reviewed both the T/PACS images and the original films for the present study. A 6-month interval was allotted between these two readings to minimize recollection of specific details. The extended time intervals between the film and T/PACS review sessions ensured that the two sets of interpretations were essentially independent, and thus a valid sample for paired comparison of T/PACS and film interpretation.
Films were digitized and reviewed on the Comm View Digital Radiology system version 2.2 (AT&T-Philips, West Long Branch, N J). Each film was digitized with the FD2000 laser scanner (Dupont, Wilmington, DE) to 2,048 • 1,684-pixel resolution with 12 data bits per pixel (corresponding to 4096 possible shades of gray). Images were transmitted approximately three miles over a dedicated T1 line. They were viewed on a 1,024-1ine monitor with both zoom and window/level capability. Each image was first viewed at low resolution (1,0242) so that the entire image could be seen at the same time. Following this, the individual quadrants of each image were re-evaluated at full resolution. Window/ level settings were adjusted to the desired level by the individual observers. To optimize use of the system, each observer was given a short T/PACS training session before the study.
Each radiologist worked independently. We believe that this simulated the emergency setting reasonably well. Because the backgrounds of the four readers differed, we analyzed their responses both independently and as a group. Readers 1 and 2 are uroradiologists; readers 3 and 4 are general radiologists. Of the four, reader 4 spends the largest proportion of his typical work time interpreting cathode ray tube (CRT)-based images.
A response form (Table 1 ) was completed to identify the findings for each image. Positive teleradiology findings that had been detected by consensus in the previous study 7 were tabulated as true positives. All other findings were considered false positives. Sensitivity was calculated as the number of true positive findings divided by 201. Because many false-positive findings might be enumerated for a single image, the false-positive rate was calculated as the number of false-positive findings identified per i00 films.
To minimize the effect of interobserver variation on the statistical analysis, the interpretations of each radiologist for the T/PACS images versus films were treated as paired data. For each image (n = 100), two difference values were tabulated between T/PACS and film. Let Diitp represent the difference in the number of true-positive findings for case i (i = I to 100) with radiologist j (j = 1 to 4), and Dijfp represent the difference in the number of false-positive findings for case i with radiologist j. For each radiologist, mean Djtp and Djfp values were calculated along with their respective standard deviations. Each of these values was tested individually with the Student's t test against the null hypothesis Djtp = 0 or Djfp = 0 for each radiologist (j --1 to 4). An alpha error of less than .05 was considered significant.
The combined readings of all four radiologists were tabutated by computing the values Ditp and Difp as the sum of the respective Dijtp and DiifP values for each case i (adding the values for j = 1 to 4). Mean values, Dtp and Dfp, and standard deviations were calculated for the set of values Ditp (i = 1 to 100) and Difp (i = 1 to 100), respectively. These mean values were also tested with the Student's t test against the null hypotheses Dtp = 0 and Dfp = 0.
RESULTS
Figures 1 and 2 demonstrate sample images from the study. The findings of mild caliectasis and bladder calculi are seen equally well with teleradiology and the original films. However, the T/PACS images were noticeably less bright than films viewed on the viewbox. This subjective finding was confirmed by the longer exposure times (four to six times longer) required to photograph images off the teleradiology system as opposed to the time required to photograph the corresponding films off a viewbox. Tables 2 and 3 present the sensitivity and false-positive rate data for the independent interpretations of each of the four radiologists. Each radiologist reading individualIy detected fewer findings on film than were detected by the previous consensus interpretation (Table 2) , and detected even fewer findings by teleradiology. However, these differences were small and significant only for reader number 1. The overall sensitivities (89% for film versus 86% for T/PACS) were not signi¡ different. Of particular interest, the mean sensitivity for calcifications (n = 21) was 74% with film versus 77% with T/PACS. The mean sensitivity for dilatation of the intrarenal collecting system (pyelectasis or caliectasis: n = 11) was 92% with film versus 88% with T/PACS.
False-positive rates were significantly lower with film than with T/PACS for the first three readers. Interestingly, reader 4, who showed almost no loss of sensitivity with T/PACS also showed no loss in specificity. The mean falsepositive rate for film (32 findings per 100 im- ages) was significantly less than the rate for T/PACS (44 per 100). False positive findings on the T/PACS were diverse, including caliectasis (n = 37), calcifications (n = 23), prostatic enlargement (n = 13), bladder mucosal irregularity (n = 11), and duplication of the collecting system (n = 3). The n value here represents the total number of false-positive interpretations by all four radiologists in each category.
All four readers noted that the time required to interpret images with the T/PACS system was "substantially" greater than that required for interpretation of the original films. Unfortu- nately, the time required for interpretation was not recorded in this study.
DISCUSSION
The use of teleradiology and T/PACS has been investigated for many types of radiographic studies, including, but not limited to, chest radiography, 2-3 excretory urography, 5-6 calcifications in mammography, 8 periosteal reaction in bones, 9 and mucosal abnormalities in the gastrointestinal tract, lo There is a general consensus that fine detail work such as the interpre- tation of microcalcifications or periosteal reaction requires better resolution and contrast than many other types of studies. However, there are no broadly accepted standards of digital image resolution and contrast requirements for teleradiology and T/PACS.
The data concerning teleradiologic urography have been conflicting, with one study 4 finding equivalence between digital radiography and film while a second study 5 found teleradiology to be unsatisfactory for the detection of renal and ureteral calculi. The first study 4 used a computed radiography system (model 201; Toshiba, Tustin, CA) with photostimulable plates. Ten bits of digitized data were stored per pixel (corresponding to 1,024 gray-scale shades). Films (14 • 17 in) were created from the digital data at a resolution of 1,760 • 2,140 pixels. The second study 5 used a 1,024 • 1,024-matrix digitizer (TEL-X-100 Scanner, Raytel, San Jose, CA).
The present study used a matrix laser digitizer (FD2000 scanner, Dupont, Wilmington, DE). Our evaluation of this 2,048 x 1,684 resolution system was designed to test a widely used commercial teleradiology system (ATT Philips Comm View, West Long Branch, N J) for use with urography. Our overall results suggest that such a system is adequate for detecting abnormalities on intravenous urograms, including calculi, in the emergency setting. Several aspects of the study, however, warrant further discussion.
As mentioned above, readers 1 and 2 practice primarily uroradiology while readers 3 and 4 are general radiologists. Reader 4 has the greatest experience with CRT-based modalities. Reader 3 works primarily with plain film radiography. As seen in Tables 2 and 3 , both the sensitivity and specificity of image interpretation were greatest for readers 1 and 2. Reader 1 was the only one in the group to show a significant difference with respect to both sensitivity and specificity for T/PACS versus those of conventional film. Reader 4, the youngest in the group, was the only one to show no difference with respect to either sensitivity or specificity. Reader 3 showed the greatest increase in false-positive findings with T/PACS. These differences among the readers suggest two separate learning curves, one for urography and the other for image interpretation on a CRT. Additional empirical studies might better defne the complex relationship of these learning curves to T/PACS image interpretation.
The number of false-positive findings tabulated for the readers in Table 3 seems somewhat high. This is at least partially a consequence of the interobserver variation that was present among the radiologists with respect to the more subtle findings in our series (ie, mild pyelocaliectasis or prostatic enlargement). Such findings were included in the gold standard only if they were identified by the independent interpretations of at least two of the four radiologists in the original study panel and accepted by the majority of that panel. 7 Findings that were identified by one of the original study panel members, but not included in the gold standard, would be tabulated as false positives ir they were identified again in the current independent interpretations.
The false positive rates of readers 3 and 4 seem particularly high in comparison with those of readers 1 and 2. It is possible that readers 1 and 2, who tend to have a high rate of concordance on their interpretations, had a slightly greater influence in deciding the gold standard. None of the original panel members, however, believed that this had occurred. In fact, the panel members all thought that they had participated equally in defining the gold standard. Thus, differences in false-positive rates between the various observers are most likely due to the varied backgrounds of the different radiologists. Similarly varied backgrounds are likely to be found among a sample of practicing radiologists.
As indicated above, the sensitivity/specificity data in the current study show a fair degree of interobserver variation among the radiologists. Nonetheless, the finding of a statistically significant difference between image interpretations on T/PACS and conventional urograms for any individual reader is valid because the interpretations of each reader were treated as paired data (eg, the difference in the number of falsepositive findings between T/PACS and conventional urograms for each reader is a valid measure of T/PACS specificity relative to film).
Mean sensitivity values did not differ significantly between T/PACS and conventional film. Differences between the consensus findings and individual interpretations on film could represent, in part, intraobserver variability or individual uncertainty. In any case, T/PACS overall was comparable in allowing the findings to be seen. The mean false-positive rate, however, was significantly higher for the T/PACS interpretations. Furthermore, all four readers agreed that image interpretation required "substantially more time" with T/PACS as compared with film. The increased time was mostly spent adjusting the window/level settings and the degree of zoom. It is quite possible that the additional window/level and zoom features provided with our T/PACS system allow readers to see image details in a way to which they are not accustomed. This may result in added uncertainty and overinterpretation of findings. It is also possible that with additional experience, readers will learn to use the system more quickly and to ignore these "false-positive" findings.
Interpretation of urograms with the T/PACS system tested in this study yielded a sensitivity for pertinent clinical findings comparable with that found with the original urogram films. Sensitivity for calcifications and pyelocaliectasis, the abnormalities most likely to occur in the emergency setting, were approximately equal with T/PACS and the original films. We therefore feel comfortable with the use of this T/PACS system in the emergency setting for interpretation of urograms. This does not imply that a system with lower resolution/contrast abilities will be equally suitable. A final interpretation of the original conventional urogram images still seems necessary, however, to ensure adequate specificity in these studies. Further studies will be required to demonstrate whether diagnostic specificity with T/PACS increases along a learning curve with additional experience.
